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Background: Lymph node metastasis is the major cause of increased recurrence
and death in patients with papillary thyroid carcinoma (PTC). We evaluate the
clinicopathologic factors affecting excellent response (ER) in patients with PTC
with lymph node metastasis following operation and **!| ablation therapy.

Methods: A total of 423 patients with PTC with lymph node metastasis who
underwent thyroidectomy and postoperative 131 ablation therapy were enrolled.
The relationship between clinicopathological factors affecting ER achievement
was analyzed.

Results: Multivariate analysis showed that the foci diameter (<1 cm), unifocal,
combination with Hashimoto's thyroiditis (HT), lymph node metastases rate (LR)
(<40%), no postoperative lymph node metastasis, low preablative stimulated
thyroglobulin (ps-Tg) level (<3.87 ng/mL), and the time of 3! ablation therapy
(one time) were positively correlated with the ER achievement [odds ratio (OR):
1744, 3.114,3.920, 4.018, 2.074, 9.767, and 49.491, respectively; allp < 0.05]. The
receiver operating characteristic (ROC) curves showed that the cutoff values of
ps-Tg and LR were 4.625 ng/mL and 50.507%, respectively. The AUC of ROC of
ps-Tg and LR for predicting ER achievement was 0.821 and 0.746, respectively.
The Tg and the cumulative risk of non-ER elevated with the increase of LR,
especially for the high-level ps-Tg (>4.625 ng/mL) group.

Conclusion: The foci diameter and number, combination with HT, LR, and ps-Tg
level are independent factors for ER. Ps-Tg level and LR are valid predictive factors
for the efficacy of **!I therapy in patients with PTC. The predictive value of the
cumulative risk of non-ER can be improved by the combination of ps-Tg and LR.
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1 Introduction

The incidence of papillary thyroid carcinoma (PTC) has
increased over the past decades. The disease-related mortality is
relatively low (<5%), but the recurrence rate reaches 30% (1). The
rate of lymph node metastasis is approximately 20%-90% (1, 2),
which is the major cause of recurrence and death in PTC (3).
Relapse and prognosis of PTC depend on genetic and
environmental interactions, including clinicopathological factors
and genetic characteristics, particularly BRAF and TERT
promoter mutations (4) and germline polymorphisms in the
VEGF pathway (5). The synergistic prognostic effect between
BRAF mutations and clinicopathological features has been
identified. In addition, Marotta et al. also demonstrated that
germline polymorphism of the VEGF pathway is a predictor of
recurrence of non-advanced differentiated thyroid cancer (DTC)
(4). Therefore, the 2015 American Thyroid Association (ATA)
guidelines suggest a personalized non-categorical model including
a wider range of variables to fit individual features (4, 6). The
assessment of recurrence and prognosis of PTC relies on dynamic
evaluation. Predictors with robust positive predictive value (PPV)
are needed to elevate the PTC recurrence. Previously, the prediction
of recurrence and mortality risk was mostly based on postoperative
pathological features. However, because of the limitations of using
pathological features alone, the ATA Guidelines for the first time
proposed the response-to-therapy assessment system (RTAS) to
assess the prognosis by monitoring thyroglobulin (Tg) and imaging
317 ablation (6). Studies suggest that the
recurrence rate of patients with PTC with excellent response (ER)

examinations after

in the system is only 1%-4%, and the risk of tumor-related death is
less than 1% (7), indicating that ER patients have a better prognosis.
Recent studies have shown that several clinicopathologic
features may affect ER (8-10). However, those results are not
consistent, and there is no clear optimal cutoff value as an
indicator to predict ER and support treatment decision-making
(8-10). Therefore, in this study, we investigated the potential
impact of clinicopathologic features on ER after '*'I ablation in
patients with PTC with lymph node metastasis and evaluated the
predictive value for ER and the cumulative risk of non-ER.

2 Participants and methods
2.1 Study design

A total of 423 patients with PTC who underwent total
thyroidectomy and postoperative '*'I ablation at the Affiliated
Hospital of Qingdao University from January 2017 to October
2020 were enrolled. The inclusion criteria were as follows: (1)
patients aged 20 to 80 years old who underwent total
thyroidectomy, (2) postoperative pathological diagnosis confirmed
as PTC, (3) patients received "*'I radioiodine therapy at least one
time, (4) no distant metastasis was confirmed by imaging and
pathology, and (5) patients finished 2 years of follow-up. The
participants with the following conditions were excluded: (1)
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pathologically confirmed as other types of thyroid carcinoma, (2)
other underlying diseases including other malignant tumors or
autoimmune disorders, and (3) positive thyroglobulin antibody
(TgAb). Chest and abdominal computed tomography (CT) scan
were performed before "*'I ablation. The initial dosage of "*'I
ablation was set based on the recurrence risk stratification
according to the 2015 ATA Guidelines (6). For low- and
moderate-risk patients, the initial 1317 ablation dose was 50-100
mCi. For high-risk patients with extraglandular invasion (larynx,
trachea, esophagus, recurrent laryngeal nerve, striated muscle, etc.),
the initial *'I ablation therapeutic dose was 120-180 mCi (6, 11).
The patients achieved the goal of TSH > 30 mU/L after L-
evothyroxine withdrawal and followed a low-iodine diet for 3-4
weeks. The patients were administrated L-T4 at day 3 after "'
ablation. The whole-body scan (Rx-WBS) and single-photon
emission computed tomography/computed tomography (SPECT/
CT) were performed within 1 week after '>'T ablation (6).

During the 2-year follow-up, the first evaluation was performed
at 3 months after initial '>'I ablation therapy, and then dynamic
evaluation was performed every 6 months during follow-up.
Dynamic evaluation involved both serological and imaging
measurements, including serum Tg levels, TgAb, thyroid function
especially TSH level, and neck ultrasound. *'I diagnostic scanning
(Dx-WBS), chest CT scan or '*F-FDG positron emission
tomography (PET)-CT scanning, and fine needle aspiration
(FNA) biopsy were also used if necessary.

Preablative stimulated thyroglobulin (ps-Tg) was defined as the
Tg levels when TSH > 30 IU/mL as patients stopped taking L-T4
before "' ablation (6). The diagnosis of Hashimoto’s thyroiditis
(HT) was identified based on postoperative pathological analysis.
Pre-operative lymph node metastasis was diagnosed by FNA
(cytopathological diagnosis of PTC, or elevated Tg washout
measurement) before surgery, or postoperative pathological
analysis. Postoperative lymph node metastasis referred to the
presence of metastatic lymph nodes detected by '*'I-WBS or
ultrasound and confirmed by FNA after surgery. Lymph node
metastasis rate (LR) referred to the rate of involved lymph nodes,
indicating the number of involved lymph nodes/total number of
resected lymph nodes, based on postoperative pathological analysis.

2.2 Indication for thyroidectomy and lymph
node dissection

In this study, patients with PTC with lymph node metastasis
underwent total thyroidectomy according to the 2015 ATA
Guidelines (6). Total thyroidectomy was performed for tumor
diameter >4 cm. For the tumor diameter <4 cm (including
diameter <1 cm), total thyroidectomy was performed under the
following conditions: (1) bilateral foci; (2) lymph node metastasis in
the lateral cervical area or lymph node metastasis number >5 or
diameter >3 cm; (3) extracapsular invasion and metastatic lymph
node invasion of surrounding tissues and organs, such as peripheral
fat tissue, muscles, trachea, esophagus, laryngeal reentry nerve, and
invaded blood vessels; and (4) high-risk factors such as head and
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neck radiotherapy history over the course of childhood and
adolescence, and thyroid carcinoma family history.

The lymph node dissection was performed as follows: (1)
central lymph node dissection: the therapeutic and prophylactic
central-compartment lymph node dissection is routinely performed
by experienced and skilled surgeons and the surrounding tissues
were adequately protected; (2) lateral lymph node dissection: for
PTC with lateral lymph node metastases confirmed by preoperative
FNA or intraoperative frozen pathological examination, therapeutic
lateral lymph node dissection was performed. The prophylactic
lateral lymph node dissection is not routinely performed.

2.3 Efficacy evaluation criteria

According to the 2015 ATA Guidelines (6), the response to
treatment was categorized into ER, indeterminate response (IDR),
biochemical incomplete response (BIR), and structural incomplete
response (SIR), based on Tg level and imaging examination. Based
on the follow-up at 2 years, the recruited patients were divided into
two groups, the ER group and the non-ER group. Patients with IR,
BIR, and SIR were assigned as the non-ER group (6). Recurrence
risk stratification and TNM staging were determined based on the
2015 ATA Guidelines (6) and the 8th edition TNM staging system
of the American Joint Committee on Cancer (AJCC) (12).

2.4 Statistical analysis

Statistical analysis was performed using the SPSS 26.0 software.
Categorical variables were presented as frequencies and
percentages, and two-group comparison was performed by the x>
test. Partial distributed data were presented as the median value and
comparisons between two groups were performed using the Mann-
Whitney U test. Logistic regression analysis was used to analyze the
factors affecting the achievement of ER. Prognostic receiver
operating characteristic (ROC) curves were applied to obtain the
optimal threshold for estimating ER achievement, and the
prediction of the cumulative risk of non-ER was performed using
the Kaplan-Meier model. The statistical significance was p < 0.05
compared between two groups. The comparison among the three
groups and four groups was p < 0.017 and p < 0.008, which were
considered statistically significant, respectively.

3 Results

3.1 Clinicopathologic features of patients
with PTC

A total of 423 patients with PTC with lymph node metastasis
were enrolled, with age ranging from 20 to 78 years (average age,
43.82 + 11.85 years old). The male-to-female ratio was 1:2.18. The
follow-up time was 24-32 months. The maximum diameter of
tumor foci was 0.1-5.5 cm, averaging 1.57 + 1.06 cm. The number
of foci was one to eight (average foci number was 1.81 + 1.09). The
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number of lymph node metastasis was 1-36, with a median of 4.
Lymph node metastasis rate (% of involved metastatic lymph
nodes/total number of resected lymph nodes) was 5%-100%, with
a median of 40%. There were 226 cases (53.43%) with extracapsular
invasion, including 146 cases (34.52%) in the strap muscles, 44 cases
(10.43%) with recurrent laryngeal nerve invasion, 18 cases (4.25%)
with tracheal invasion, 6 cases (1.41%) with esophageal invasion, 6
cases (1.41%) with blood vessel (internal jugular vein, common
carotid artery, and transverse cervical artery) invasion, and 6 cases
(1.41%) with surrounding soft tissue invasion. The clinicopathologic
features are shown in Table 1.

3.2 Comparison of clinicopathologic
features between ER and non-ER groups

Based on the response to '*'I ablation after 2 years of follow-up,
314 patients with PTC achieved ER with an ER rate of 74.2%. The
patients with PTC were divided into ER and non-ER groups. The
results showed that the proportion of female patients, unifocal,
primary foci <1 c¢cm in diameter, no extracapsular invasion,
combination with HT, low ps-Tg level (<3.87 ng/mL), and low
risk of recurrence risk stratification were significantly higher in the
ER group than in the non-ER group (all p < 0.05). However, age,
laterality of tumor foci, and TNM staging did not show significant

difference between two groups (all p > 0.05) (Table 2).

TABLE 1 Clinicopathologic data of enrolled patients with PTC.

Clinical indicators, n (%) Clinical indicators, n (%)

Age (years)
<55 341 (80.61%)
>55 82 (19.39%)

Sex
Male 133 (31.44%)

Female 290 (68.56%)

Number of primary foci
Unifocal 221 (52.25%)
Multifocal 202 (47.75%)

Unilateral/Bilateral foci of primary

tumor
Unilateral 265 (62.25%)
Bilateral 158 (37.75%)

Maximum diameter of primary foci (cm)
<1176 (41.61%)
>1 247 (58.39%)

Extracapsular invasion
Yes 226 (53.43%)

No 197 (46.57%)

Combination with HT
Yes 71 (16.78%)

No 352 (83.22%)

Laterality of lymph node metastasis
Ipsilateral 305 (72.10%)
Bilateral 118 (27.90%)

Ps-Tg (ng/mL)
<3.87 213 (50.35%)
>3.87 210 (49.56%)

Number of lymph node metastases #
<5218 (51.54%)

25 205 (48.46%)

Lymph node metastasis rate #
<40% 209 (49.41%)
>40% 214 (50.59%)

Postoperative lymph node

metastasis
No 351 (82.97%)
Yes 72 (17.03%)

Metastatic lymph node region
Central only 51 (12.06%)
Lateral only 43 (10.16%)
Central+lateral 329 (77.78%)

Initial dose of "' therapy (mCi)
<100 (50-100) 270 (63.83%)
>100 (120-180) 153 (36.17%)

Frequency of "*'I therapy
1 time 357 (84.40%)

2 times 51 (12.06%)
>3 times (3-4) 15 (3.54%)

Total dose of "*'I therapy (mCi)
50-100 250 (59.10%)
120-150 112 (26.48%)
160-200 5 (1.18%)
>200 (220-600) 56 (13.24%)

Recurrence risk stratification
Low risk 33 (7.8%)
Intermediate risk 184 (43.49%)
High risk 206 (48.71%)

TNM staging
Phase I 344 (81.32%)

Phase II 53 (12.53%)
Phase II1 20 (4.73%)
Phase IV 6 (1.42%)

# Presented as median. PTC, papillary thyroid cancer; HT, Hashimoto’s thyroiditis.
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TABLE 2 Comparison of clinicopathologic features between ER and non-ER groups at 2 years follow-up (n, %).

ER (n = 314, 74.23%)

Non-ER (n = 109, 25.77%)

Male 93 (29.62) 40 (36.70)

Sex 4.529 0.033
Female 221 (70.38) 69 (63.30)
<55 248 (78.98) 92 (84.40)

Age (years) 1.600 0.209
>55 66 (21.02) 17 (15.60)
Unifocal 176 (56.05) 48 (44.04)

Number of primary tumor foci 4.688 0.03
Multifocal 138 (43.95) 61 (55.96)

Laterality of primary tumor foci Unilateral 200 (63.69) 64 (58.72)

0.737 0.391

Bilateral 114 (36.31) 45 (41.28)

Maximum diameter of primary tumor sl 141 (44.90) 35 (32.11)

foci 5.764 0.017

oci (cm) >1 173 (55.10) 74 (67.89)
Yes 158 (50.31) 68 (62.38)

Extracapsular invasion 4.735 0.030
No 156 (49.69) 41 (37.62)
Yes 64 (20.38) 7 (6.42)

Combination with HT 11.483 0.001
No 250 (79.62) 102 (93.58)
<3.87 198 (63.06) 15 (13.76)

ps-Tg (ng/mL) # 76.945 <0.001
>3.87 116 (36.94) 94 (86.24)
Low risk 30 (9.55) 3 (2.75)

Recurrence risk stratification . 4.302 0.038
Medium=" 0 (90.45) 106 (97.25)
high risk : ’
Phase /11 297 (94.6%) 100 (91.7%)

TNM staging Phase %) o 3% 1.134 0.287
/v o =

# ps-Tg value was not normally distributed and was presented as median. ER, excellent response; HT, Hashimoto’s thyroiditis.

Comparison of the pathologic characteristics of metastatic
lymph nodes between ER and non-ER groups was analyzed. The
ER group had a lower number and rate of lymph node metastases,
less postoperative lymph node metastases, and a significantly lower
proportion of lymph nodes located in the central and cervical lateral
region than the non-ER group (all p < 0.05) (Table 3).

In this study, the ER group had an increased rate of HT.
Therefore, we further analyzed the relationship between HT and
clinicopathological features. The results showed that female patients
(female patients 84.50% vs. male patients 15.50%) and non-
extracapsular invasion (non-extracapsular invasion 61.97% vs.
extracapsular invasion 38.03%) in the HT group (71 cases,
16.78%) were significantly higher than those in the non-HT
group (352 cases, 83.22%) (all p < 0.05), while age, number of
primary tumor foci, the maximum diameter of primary foci,
unilateral/bilateral foci, number of lymph node metastases, LR,
and postoperative lymph node metastasis showed no difference
between HT and non-HT groups.

To analyze the relationship between frequency/dosage of "'l
ablation and ER, we found that the ER rate in the 1 time *'I
ablation therapy group was higher than that in the 2 times and >3
times '*'T ablation therapy group (all p < 0.017). In addition, the ER
rate in the low initial '*'I ablation dose <100 (50-100) mCi group
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was significantly higher than that in the high-dose >100 (120-180)
mCi group (p < 0.05). We further divided the patients into four
groups based on the total dose of '*'I therapy. The results showed
that the ER rate of the '*'T therapy total dose 50-100 mCi group was
significantly higher than that of the 120-150 mCi group, as well as
the >200-(220-600) mCi group (all p < 0.008) (Table 4).

3.3 The independent risk factors affecting
ER achievement after ***| therapy

Multivariate logistic regression analysis was performed to
analyze the factors associated with ER after '*'I therapy. The
results revealed that the maximum diameter of tumor foci (<1
cm), unifocal, combination with HT, lymph node metastases rate
(<40%), no postoperative lymph node metastasis, lower level of ps-
Tg (<3.87 ng/mL), and the frequency of 1311 therapy (one time)
were independent risk factors that positively correlated with the ER
achievement (OR: 1.744, 3.114, 3.920, 4.018, 2.074, 9.767, and
49.491, respectively; all p < 0.05). There was no correlation
between ER and the number of metastatic lymph nodes, laterality
of lymph node metastasis, extracapsular invasion, or initial dose
and total dose of ' therapy (all p > 0.05) (Table 5).
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TABLE 3 Comparison of pathologic features of metastatic lymph nodes between ER and non-ER groups (n, %).

ER (n = 314, 4.23%)

Non-ER (n = 109, 5.77%)

10.3389/fendo.2024.1382009

<5 177 (56.37) 41 (37.61)
Number of lymph node metastases # 11.395 0.01
=5 137 (43.63) 68 (62.39)
<40% 169 (53.82) 41 (37.61)
Lymph node metastasis rate # 8.502 0.004
>40% 145 (46.18) 68 (62.39)
Ipsilateral 236 (75.16) 69 (63.30)
Laterality metastasis of lymph node 5.655 0.017
Bilateral 78 (24.84) 40 (36.70)
Central 40 (12.73) 10 (9.17)
2.07%, 0.150°,
Metastatic lymph node region Lateral 39 (12.42) 4 (3.67) 1.71° 0.191°,
7.46° 0.006°
Central+lateral 235 (74.85) 95 (87.16)
PO(Sltoperative %ymph Yes 46 (14.64) 26 (28.85) w53 0025
node metastasis No 268 (85.46) 83 (71.15)

#Grouped by median. a indicates the comparison between the central group and the lateral group. b indicates the comparison between the central group and the central+lateral group. c indicates
the comparison between the lateral group and the central+lateral group. Statistically significant differences were considered as p < 0.017.

3.4 Predictive value of ps-Tg and LR in
ER achievement

The predictive value of ps-Tg level and LR in ER achievement
was analyzed, respectively. The results showed that the maximum
area under the curve (AUC) of the ROC curve was 0.821 (95% CI
0.777-0.865) and 0.746 (95% CI 0.691-0.800). The best cutoft
values were 4.625 ng/mL for ps-Tg and 50.50% for LR, with
corresponding sensitivities of 84.4% and 63.3%, specificities of
67.8% and 79.6%, PPVs of 92.6% and 86.2%, and negative
predictive values of 48.7% and 51.8%, respectively. Results
indicate that ps-Tg < 4.625 ng/mL and LR < 50.50% are effective
factors for predicting ER achievement (Figure 1).

The ps-Tg value and LR were analyzed for the joint prediction
of the cumulative risk for non-ER. The results revealed that
regardless of whether the ps-Tg value was at low level (<4.625 ng/
mL) or high level (>4.625 ng/mL), the cumulative risk of non-ER
elevated with the increase of LR, especially for the high-level ps-Tg
group, whereas at the same LR, the cumulative risk of non-ER was
higher in the high-level ps-Tg group than the low-level ps-Tg group
(both p < 0.05) (Figure 2).

4 Discussion

Although most patients with PTC have a good prognosis with low
mortality and long survival, the recurrence rate can be up to 30% due

TABLE 4 Comparison of times and dosage of 1311 ablation therapy between ER and non-ER groups in patients with PTC.

ER (n = 314, 74.23%)

Non-ER (n = 109, 25.77%) 4*

1 time 291 (85.34) 65 (59.63)
46.172° <0.001*
Frequency of "*'I therapy 2 times 20 (6.37) 32 (29.36) 32.869" <0.001°
1.760° 0.185
>3 times 3(8.29) 12 (11.01)
<100 (50-100) | 221 (70.38) 49 (44.95)
Initial dose of **'I therapy (mCi) 2100 23,511 <0.001
93 (29.62) 60 (55.05)
(120-180)
50-100 211 (67.19) 39 (35.78) . B
10.2909, 0.001¢,
120-150 79 (25.15) 33 (30.27) 0.074°, 0.786°,
58.723", <0.001"
131 . > >
Total dose of T therapy (mCi) 160-200 4(1.27) 1(0.92) 02348 0.629¢
20 18.173", <0.001",
N : ;
20 (6.39) 36 (32.13) 3.864' 0.049"
(220-600)

aand b indicate the comparison of the *'I ablation therapy 1 time group with the 2 times group and the >3 times group, respectively. ¢ indicates the comparison of the 2 times group with the >3

times group. p < 0.017 was defined as statistically significant.
d, e, and f indicate the comparison of the total dose of the 50-100 group with the 120-150, 160-200, and >200 (220-600) (mCi) groups, respectively.
g and h indicate the comparison of the total dose of the 120-150 group compared with the 160-200 and >200 (220-600) (mCi) groups, respectively.
i indicates the total dose of the 160-200 group compared with the >200 (220-600) (mCi) group, and the difference was considered statistically significant at p < 0.008.
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TABLE 5 Multi-factorial analysis of clinicopathological features affecting
therapy response to *3!| ablation therapy.

Clinicopathological features (1, O;

. OR
analyzed variable 1)
Maxi i f foci (<1 1.030-
aximum diameter of tumor foci ( 1744 030 0.038
cm, >1 cm) 2.951
Number of primary tumor foci 3114 1.364- 0,007
(unifocal/multifocal) : 7.109 !
- . 1.646-
Combination with HT (yes, no) 3.920 0.002
9.332
0.400-
Extracapsular invasion (no, yes) 0.661 1091 0.105
. 0.810-
Number of metastatic lymph nodes (<5, 25) 1.429 2520 0.218
2.351-
Lymph node metastases rate (<40%, >40%) 4.018 6.867 0.000
Metastatic lymph node region (central, lateral, 0.368-
0.902 0.822#
central+lateral) 2.210
Laterality of metastatic lymph nodes 0.129-
L . 0.579 0.478
(ipsilateral, bilateral) 2.612
. . 1.090-
Postoperative lymph node metastasis (no, yes) 2.074 33,948 0.026
5.171-
Ps-Tg values (<3.87, >3.87) 9.767 0.000
18.448
Frequency of "'I therapy (1, 2, 23 times) 49.491 3864~ 0.003##
T ' 633.817 |
Initial dose of '*'I ablation therapy [< 100 (50- 0.752—
. 3.274 0.114
100), >100 (120-180) mCi] 14.257
Total dose of *'I ablation th 50-100, 0.019-
otal dose o ablation therapy [ ' 0227 9 0.244
120-150, 160-200, >200 (220-600) mCi] 2.752

# indicates the comparison between metastatic lymph nodes located in the lateral region and
those in the central+lateral region; ## indicates the number of 1 time versus >3 times
31 therapy.

to the presence of lymph node metastasis (13-15). Therefore, active
and rationalized treatment strategies and dynamic follow-up for
assessment of PTC with lymph node metastasis are important.

BT ablation therapy as an adjuvant treatment for PTC with
lymph node metastasis has been widely applied. Several studies have
reported that the effectiveness of '*'I ablation therapy in patients with
PTC with lymph node metastasis can reach up to 71.4%-88.07% (16,
17). Previously, Gao et al. analyzed the data from low- and
intermediate-risk patients with PTC and showed an ER rate of
93.7% and 78.2% after '*'I treatment (18), while Zhao et al. showed
a 54.5%-73.2% ER achievement, which differed from high-low TSH
level stratification (19). In our study, we found that the overall ER rate
was 74.2%, which was comparable to the results of previous studies.

In recent years, several studies revealed the factors influencing
the clinical outcome after postoperative '*'I ablation in patients
with PTC. The ps-Tg level has been proven to be the predictor of
recurrence risk and prognosis (20, 21). Li et al. (8) reported that low
ps-Tg level was more likely to achieve ER in moderate-risk patients
with PTC. Wang et al. (9) also concluded that a higher level of ps-Tg
was associated with a lower ER rate of the initial *'I ablation.
However, there were controversies regarding the relationship
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FIGURE 1

ROC curves of ps-Tg values and lymph node metastasis rate (LR) for
predicting the excellent response (ER). The area under the curve
(AUC) was 0.821 (95% Cl 0.777-0.865) and 0.746 (95% CI 0.691-
0.800), respectively. The Youden index was 0.522 and 0.429,
respectively. The best cutoff values were 4.625 ng/mL for ps-Tg and
50.50% for LR, with a corresponding sensitivity of 84.4% and 63.3%,
a specificity of 67.8% and 79.6%, a positive predictive value of 92.6%
and 86.2%, and a negative predictive value of 48.7% and

51.8%, respectively.

between ER and the diameter and number of tumor foci,
extracapsular invasion, and the number and rate of lymph node
metastasis. Several studies revealed that tumor size, number of
lymph nodes, LR, and lymph node size were significantly associated
with ER achievement after *>'I ablation therapy (8, 9, 22). However,
Shangguan et al. (23) reported that the LR did not correlate with ER.
In this study, we investigated the relationship between
clinicopathological factors and ER. The results showed that tumor
diameter (<1 c¢m), unifocal, combination with HT, low lymph node
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FIGURE 2

ps-Tg combined with lymph node metastasis rate (LR) predicts the
cumulative risk of non-excellent response (non-ER). Regardless of
whether the ps-Tg value was at low level (<4.625 ng/mL) or high
level (>4.625 ng/mL), the cumulative risk of non-ER elevated with
the increase of LR, especially for the high-level ps-Tg group. At the
same LR, the cumulative risk of non-ER was higher in the high-level
ps-Tg group (p < 0.05).
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metastases rate (<40%), the absence of postoperative lymph node
metastasis, and the low level of ps-Tg (<3.87 ng/mL) were
independent factors positively correlated with the ER achievement.

The ROC of ps-Tg and LR showed high sensitivity and PPV for
ER achievement. Based on the significance of ps-Tg in predicting
ER and recurrence or metastasis (20, 24, 25), ps-Tg level was used
as an important serological indicator in the evaluation system in
guiding the individualized follow-up and treatment of patients
with PTC. However, there is variability in the thresholds of ps-Tg
level as indicators in different studies, which may be related to
the different clinicopathologic characteristics of the selected
patients, the area of operation, the dosage and frequency of '*'I
ablation, and the criteria for evaluating the efficacy, the follow-
up frequency.

In clinical practice, patients with PTC usually exhibit two or
more malignant pathologic features at the same time, which
undoubtedly aggravates the progression and reduces the
likelihood of achieving ER. We revealed that serum ps-Tg and
lymph node metastasis rate are important indicators to predict ER
achievement in this study, and further results showed that the
cumulative risk of non-ER elevated with the increase of lymph node
metastasis rate, regardless of ps-Tg level (low level <4.625 ng/mL or
high level >4.625 ng/mL). Moreover, the increase of cumulative risk
was more prominent in the high ps-Tg level group. Hence, the
prediction of non-ER achievement can be improved by a
combination of evaluating ps-Tg and LR, which can avoid the
limitation of assessment by a single factor. A combination of ps-Tg
and LR could predict the efficacy of '*'I ablation in advance,
potentially useful for individualized therapeutic assessment.

Regarding the studies on the relationship between HT and PTC,
HT is associated with the development of PTC and is widely
recognized as a pre-disease state of PTC (26). However, the effect
of HT on the pathological features of PTC is inconsistent (27, 28).
Studies suggested that HT is a “double-edged sword” in patients
with PTC, which increases the risk of PTC but is a protective factor
against progression (29), and lymphocyte infiltration and cytokines
derived from lymphocytes may attenuate tumor invasiveness and
proliferation (27, 28). In contrast, some studies indicated that HT
promotes PTC development progression, which is associated with
both the endocrine mechanism by promoting TSH increasing and
immune mechanism via the reduced expression of major
histocompatibility complex (MHC)-I molecules, leading to the
upregulation of immunosuppressive components and immune
escape (30, 31). Several studies showed that there was no
correlation between combined HT and ER (32, 33), while a report
from Lim et al. suggested that patients with PTC combined with HT
had a low ER rate after '>'I ablation (34). A large-scale prospective
multicenter study analyzed the relationship between autoimmune
thyroiditis and DTC outcomes. The results showed that patients
with autoimmune thyroiditis were more frequently categorized as
low and intermediate risk. The biochemical persistence was more
frequent in autoimmune thyroiditis patients, but no association
between AT and structural persistence of disease. Patients with
autoimmune thyroiditis had a more frequently indeterminate
response. These findings may be explained by the presence of a
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residual thyroid tissue (35). Of note, our data differed from the
above finding, showing that combination with HT is an
independent factor of ER achievement, and a higher proportion
of patients have an absence of extracapsular extension in the
combination with the HT group (61.97% vs. 38.03%) and are
positively correlated with ER, suggesting that PTC combined with
HT is less invasive, which may contribute to ER achievement. The
variability of the findings in different studies may be related to
several factors, such as regional differences in the study populations,
varying iodine nutritional status, and different genetic backgrounds.

In addition, our study revealed that less time of 1311 ablation
therapy (only one time) was correlated with ER outcomes, indicating
that patients with mild disease have a better outcome. We also found a
higher proportion of low risk of recurrence in the ER group, suggesting
that the frequency and intensity of follow-up could be reduced.

We acknowledge some limitations of our study. Since the
patients were from a single medical center and retrospective
study, selection bias could not be ruled out. Second, we cannot
exclude the influence of lifestyle (such as iodine content in diet and
smoking) or hereditary factors of the enrolled patients. Third,
considering the inert nature of PTC, further studies with a long-
term follow-up are needed.

In summary, we have found that the diameter of tumor foci <1
cm, unifocal, combination with HT, the absence of postoperative
lymph node metastasis, lower LR, and a lower level of ps-Tg were
independent factors correlated with the ER achievement. The ps-Tg
and LR had a predictive value for ER achievement. The predictive
value of the cumulative risk of non-ER can be improved by a
combination of evaluating ps-Tg and LR.
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